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Poliovirus 2AThe leader protease (Lpro) from foot-and-mouth disease virus (FMDV) has the ability to cleave eIF4G,
leading to a blockade of cellular protein synthesis. In contrast to previous reports, our present ﬁnd-
ings demonstrate that FMDV Lpro is able to increase translation driven by FMDV IRES. Additionally,
inactivation of eIF2 subsequent to phosphorylation induced by arsenite or thapsigargin in BHK cells
blocks protein synthesis directed by FMDV IRES, whereas in the presence of Lpro, signiﬁcant transla-
tion is found under these conditions. This phenomenon was also observed in cell-free systems after
induction of eIF2 phosphorylation by addition of poly(I:C).
 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction different structures and the mechanisms of initiation driven byPicornaviruses comprise a wide range of virus species that are
of great medical and veterinary importance. Additionally, several
picornavirus species constitute good model systems for studying
various issues in molecular biology, including the mechanism of
initiation of translation by internal entry of ribosomes [1,2].
Indeed, the mRNAs from encephalomyocarditis virus (EMCV) and
poliovirus (PV) were among the ﬁrst examples which demon-
strated that ribosomes can initiate translation on an internal
sequence placed in the 50 UTR [3,4]. This sequence, known as the
internal ribosome entry site (IRES), has been found not only in
countless other virus species but also in cellular mRNAs. IRES ele-
ments are highly structured nucleotide sequences and may contain
several hairpins, pseudoknots and RNA-like structures. The speciﬁc
mechanisms by which IRES elements direct the initiation of trans-
lation may differ depending on the mRNA considered [2]. Accord-
ingly, EMCV and PV IRES elements do not require the translation
factor eIF4E, or intact eIF4G, to initiate protein synthesis [5]. Early
experiments claimed that hepatitis A virus (HAV) IRES depended
on intact eIF4G and eIF4E [6–8], whereas our recent observations
indicate that cleavage of eIF4G by picornavirus proteases strongly
stimulates translation driven by HAV IRES [9]. Based on thepicornavirus IRES elements, they can be divided in four classes
[1]. Typical examples of class I IRES sequences include the PV
and rhinovirus (HRV) IRES, which encompass approximately 450
nucleotides, while EMCV and foot-and-mouth disease virus
(FMDV) IRES RNAs belong to class II. HAV IRES is the archetypal
member of class III. Lastly, porcine teschovirus-1 IRES, with simi-
larities to hepatitis C virus (HCV), has been grouped in class IV.
We have proposed that this classiﬁcation should be reconsidered
in view of the ﬁndings that HAV IRES is not only translated, but
can furthermore be enhanced after eIF4G cleavage [9].
Some picornaviruses, such as PV and FMDV, encode proteases
that exhibit an ability to cleave eIF4G, which together with eIF4E
and eIF4A form the functional cap binding complex, eIF4F [10]. This
proteolytic activity of PV 2A protease (PV 2Apro) and FMDVL prote-
ase (Lpro) on eIF4G, and its effect on viral and cellular translation,
has been extensive analyzed [11]. In general, cellular cappedmRNAs
are strongly inhibited upon eIF4G cleavage by picornavirus prote-
ases,whereas protein synthesis directedby EMCVor PV IRES is stim-
ulated by the presence of PV or HRV 2Apro [12–15]. Curiously, FMDV
Lpro also enhances EMCV and PV IRES-mediated translation, but has
no effect on translation driven by FMDV RNA [16]. Two forms of
eIF4G, eIF4GI and eIF4GII, are known, and both are targeted by PV
2Apro or FMDV Lpro [17,18]. The position in eIF4GI cleaved by PV or
HRV 2Apro lies between residues 681/682, while FMDV Lpro hydro-
lyzes eIF4GI between aminoacids 674/675 [19–21]. The generation
of these eIF4G cleavage products is not sufﬁcient to increase
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Fig. 1. Activity of FMDV Lpro on translation driven by different picornavirus IRES elements: effect of arsenite. (A) BHK-T7 cells were transfected or co-transfected with pKS-
FMDV-L and pKS-FMDV-Luc, pPV-Luc and pTM1-Luc. At 2 hpt, the transfection medium was replaced with fresh medium. Arsenite (Ars, 200 lM) was then added (+) or not
() for 15 min, followed by further incubation with labeled 0.2 lCi [35S]Met/Cysper well for 45 min. Cell extracts were analyzed by SDS–PAGE followed by autoradiography.
Arrow indicates luciferase. These bands were analyzed by densitometry (Supplementary Fig. 1). (B) Samples from the same extracts were used to assess eIF4GI,
phosphorylated eIF2a and total eIF2a by western blot. Luciferase was analyzed by western blotting using speciﬁc rabbit polyclonal antibodies. Tubulin (Tub) was used as a
loading control. (C). Left panel: BHK-T7 cells were transfected (L) or not () with pKS-FMDV-L. At 2 hptArs (200 lM) was added (+) or not () for 15 min, followed by further
incubation with labeled 0.2 lCi [35S]Met/Cysper well for 45 min. Cell extracts were analyzed by SDS–PAGE followed by autoradiography. Absence of the putative luciferase
60KDa band is evident. Right panel: in parallel, cells were transfected (+) or not (–) with FMDV-Luc for 3 h and extracts were analyzed by western blotting in order to detect
luciferase using rabbit polyclonal antiserum that speciﬁcally immunoreact with luciferase. (D) BHK-T7 cells were transfected with pKS-FMDV-L. At 2 hpt, cells were
transfected with pKS-FMDV-Luc, pPV-Luc and pTM1-Luc in the absence () or presence (+) of 200 lM Ars for 2 h. Finally, cell monolayers were collected and processed to
estimate luciferase activity. The percentage of luciferase activity is represented when eIF2a is phosphorylated in the presence or absence of Ars and/or after cleavage of eIF4GI
by FMDV Lpro (L) or not (–). The value obtained in the absence of Ars and protease was taken as 100%. Average RLU per lg of cell protein obtained for the different controls
were 1111.3  103 for EMC-Luc, 86.48  103 for PV-Luc and 774.5  103 for FMDV-Luc. Error bars represents standard deviation (SD) of the mean of assays performed in
triplicate.
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direct participation of PV 2Apro in the stimulation of viral protein
synthesis has been proposed [24–26]. Presumably, both the genera-
tion of eIF4G cleavage products and the presence of active picorna-
virus protease are necessary to stimulate viral translation. Recently,
we found that picornavirus translation, including FMDV, exhibits a
dual mechanism with regard to the requirement of eIF2. Early dur-
ing infection, picornavirus RNA requires the ternary complex Met-
tRNA-eIF2-GTP while, at later stages of infection, this mRNA can
be translated when eIF2a becomes phosphorylated [27]. We have
established that PV 2Apro is responsible for eIF2 independence dur-
ing picornavirus translation [23]. In the present work, we demon-
strate that FMDV Lpro is able to not only enhance translation
driven by all picornavirus IRES tested, including FMDV IRES, but
also, substantial translation is found after inactivation of eIF2 once
eIF4G has been cleaved by Lpro.
2. Materials and methods
2.1. Cell culture
Baby hamster kidney cells, clone BSR-T7/5 (designated as
BHK-T7), were used for in vivo assays [28]. Cells were cultured in
Dulbecco’s Modiﬁed Eagle’s Medium (DMEM) supplemented with5% fetal calf serum (FCS) and non-essential amino acids. Geneticin
(Sigma) was used for selection at a ﬁnal concentration of 2 mg/ml.
Cells were grown at 37 C and 5% CO2.
2.2. Plasmids and transfection
The following plasmids contain the luciferase gene just after the
ﬁrst AUG initiation codon. pTM1-Luc encoding EMCV IRES element
and pKS-PV-Luc, encoding for PV IRES element, were a kind gift
from Hentze (EMBL, Germany). pKS-Luc has previously been
described in detail [29]. Plasmid T7 Rluc DEMC IGR-Fluc (pIGR
CrPV-luc) was kindly provided by Sarnow (Stanford University,
USA). Plasmid pKS-FMDV-Luc encodes the luciferase gene under
control of FMDV IRES. This plasmid contains the sequences span-
ning nucleotides 605–1038 from the FMDV strain C-S8c1 and
was generously provided by Belsham (Technical University, Den-
mark). pKS-IRES FMDV-Lpro contains the FMDV L protease after
FMDV IRES under T7 RNA pol promoter. Plasmids were linearized
and transcribed in vitro with T7 RNA polymerase (Promega), and
transfections were carried out as described [9].
2.3. Inhibitor treatments and analysis of protein synthesis
Transfected BHK-T7 cells were treated, where indicated, with
200 lM sodium arsenite (Ridel-de Haën) for 2 h at 2 hpt. Proteins
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Fig. 2. Effect of thapsigargin after transfection of mRNAs bearing different
picornavirus IRESs. Plasmids pTM1-Luc, pKS-FMDV-Luc, pTM1-L and pKS-Luc were
linearized and in vitro transcribed. Cap analog was added to the pKS-Luc reaction in
order to obtain cap-Luc mRNA. BHK-T7 cells were then transfected with EMC-L
mRNA where indicated. At 1.5 hpt, the medium was replaced with fresh medium.
Then, 0.75 lM thapsigargin (Tg) was added where indicated and cells were re-
transfected with cap-Luc, EMC-Luc and FMDV-Luc mRNA. (A) Samples were
collected and processed to measure luciferase activity. The percentage of luciferase
activity is represented as 100% obtained in the absence of Tg and Lpro. Average RLU
per lg of cell protein obtained for the different controls were 223.2  103 for cap-
Luc, 235.5  103 for EMC-Luc and 354.4  103 for FMDV-Luc. Assays were
performed in triplicates and error bars reﬂect S.D. (B) The same samples were
used to assess total eIF2a, phosphorylated eIF2a and eIF4GI by western blot.
Tubulin (Tub) was used as a loading control.
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Amersham Pharmacia) in methionine/cysteine-free DMEM. Cells
were collected in sample buffer, denatured by heat and analyzed
by SDS–PAGE. Band intensities of the exposed X-ray ﬁlms were
quantiﬁed by densitometric scanning with Quantity One 1-D
(Promega). Where indicated, cells were incubated with thapsigar-
gin (0.75 lM) for 2 h.
2.4. In vitro translation
In vitro translation was carried out in nuclease-treated rabbit
reticulocyte lysates (RRL) (Promega). Where indicated, extracts
were treated with different amounts of active Lpro (Wt Lpro) for
30 min at 30oC before addition of 100 ng mRNA for 1 h. FMDV Lpro
was puriﬁed as described [16]. Also, a mutant form of the Lpro (mut
Lpro) in which Cys-21 was replaced by an Ala residue was also puri-
ﬁed [14,16]. To induce eIF2a phosphorylation, extracts were stim-
ulated with 50 lg/ml Poly(I:C) (Pharmacia Biotech) for 20 min
prior to mRNA addition.
2.5. Western blotting
Proteins were transferred to nitrocellulose membranes after
SDS–PAGE [30]. Detection of eIF2a and phosphorylated eIF2a
was carried out with polyclonal rabbit antisera at a 1:1000 dilution(Cell Signaling Technology and Santa Cruz, respectively). Cleavage
of eIF4GI was assessed using rabbit antibodies against eIF4GI N and
C-terminal domains [31]. To analyze luciferase by immunoblot,
speciﬁc rabbit polyclonal antibodies against these proteins were
employed.
2.6. Luciferase activity measurement
Samples were collected in a buffer containing 25 mM glycylgly-
cine (pH 7.8), 0.5% Triton X-100 and 1 mM dithiothreitol, and lucif-
erase activity was measured in a Monolight 2010 apparatus
(Analytical Luminescence Laboratory) using the luciferase assay
system (Promega) as described [32].
3. Results
3.1. Enhancement of FMDV IRES by Lpro without active eIF2
FMDV Lpro cleaves eIF4G, leading to the stimulation of PV and
cardiovirus IRES directed translation but not to its own IRES
[33,34]. The majority of these early experiments were carried out
using bicistronic mRNAs. The use of these mRNAs may give rise
to misleading results [2,35], therefore we used monocistronic
mRNAs bearing different picornavirus IRES elements. Translation
of these monocistronic mRNAs was tested in BHK-T7 cells stably
expressing T7 RNA polymerase. The action of FMDV Lpro on its cog-
nate FMDV IRES was assessed by co-transfection of plasmids pKS-
FMDV-Luc and pKS-FMDV-Lpro. As controls, luciferase synthesis
directed by EMCV or PV IRES elements was also measured by trans-
fecting plasmid pTM1-Luc that contains the EMCV IRES, or pKS-PV-
Luc. After co-transfection for 2 h, cells were labeled with [35S]Met/
Cys and the labeled proteins were analyzed by electrophoresis fol-
lowed by ﬂuorography. Notably, Lpro partially stimulated luciferase
synthesis directed by FMDV IRES, such that the luciferase band
could be clearly seen on protein gels (Fig. 1A). Stimulation of lucif-
erase synthesis by Lpro was particularly observed on PV IRES. In this
case, the luciferase band is not clearly observed in absence of Lpro,
since PV IRES is not as efﬁcient in BHK cells as it is in human cells.
Additionally, the effect of eIF2 phosphorylation was also investi-
gated. Phosphorylation of this factor was induced by incubation
with 200 lM arsenite, which was added after transfection and
was present during the labeling period. Arsenite induces oxidative
stress in cells, leading to HRI and/or PKR activation [36,37] and
subsequent phosphorylation of eIF2a. Under these conditions, we
previously reported that translation directed by CrPV IGR was
unaffected [27]; in contrast, picornavirus IRES-driven translation,
and also cellular protein synthesis, was blocked by arsenite treat-
ment (Fig. 1A). Strikingly, no inhibition by arsenite of translation
driven by each one of picornavirus IRESs was observed when FMDV
Lpro was co-expressed. The inhibition of translation by arsenite
must be compared on each picornavirus IRES in the absence or
presence of FMDV Lpro. Therefore, Lpro not only stimulates FMDV
IRES, but also restores translation wheneIF2a is phosphorylated.
In this context, FMDV Lpro is comparable to PV 2Apro [23]. More
exact quantiation of the luciferase band was obtained by densito-
metric analysis of the gel shown in Fig. 1A (Supplementary
Fig. 1). Stimulation of eIF2a phosphorylation by arsenite was
assessed by immunoblotting, showing that the expression of FMDV
Lpro does not hamper this phosphorylation (Fig. 1B). In contrast,
FMDV Lpro could substantially cleave eIF4G, as shown by immuno-
blotting with speciﬁc antibodies to eIF4G N- and C-terminal
regions (Fig. 1B). As additional controls, protein synthesis in cells
that express Lpro or untreated with arsenite is shown in Fig. 1C. It
can be observed that arsenite strongly blocks cellular protein syn-
thesis and also that the expression of Lpro is quite detrimental for
cellular translation. In addition, luciferase was analyzed by
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Fig. 3. Response of FMDV-Luc mRNA to monovalent ion concentration. (A) pKS-FMDV-Luc and pKS-Luc were linearized and in vitro transcribed. Cap analog was added to the
pKS-Luc reaction in order to obtain cap-Luc mRNA. RRL were programmed with increasing concentrations of KCl and 20 lg/ml of Lpro was added as indicated for 20 min.
Finally, the reaction mixture was supplemented with 200 ng of each mRNA for 1 h and luciferase activity was measured. Values represent the percentage of inhibition or
stimulation for Cap and FMDV-Luc in the presence of the different KCl concentrations and in presence or absence of Lpro with respect to control samples in the absence of KCl.
Assays were performed in triplicate. Average RLUs obtained in the absence of KCl or Lpro were 7.1  105 for Cap mRNA and 7.7  105 in the case of FMDV. These values were
considered as 100%. Error bars indicate SD when larger than 1%. The same samples were also analyzed by western blot to determine eIF4GI cleavage. (B) RRL were
programmed with 40 mM KCl and 20 lg/ml of active FMDV L (Wt Lpro) or an inactive form (mut Lpro), as indicated, for 20 min at 30 C. Then, 200 ng of FMDV-Luc mRNA was
added to the reaction followed by incubation for 1 h at the same temperature. The percentage of luciferase activity is represented by the bar graph, where controls with 0 or
40 mM of KCl represent 100%. Average RLUs obtained were 1.4  105 in the absence of KCl and 9.7  105 in the presence of 40 mM KCl. Error bars represent the SD of assays
performed in triplicate.
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responds to this protein.
To quantitate in more detail the stimulation of IRES-driven
translation by Lpro and also the independence from active eIF2,
we measured luciferase activity. Results showed that co-expres-
sion of Lpro stimulated luciferase activity by 350% (3.5-fold) on
the FMDV IRES, whereas this stimulation was 177% on PV IRES
and practically no stimulation was observed on EMCV IRES
(Fig. 1C). Translation driven by all three picornavirus IRES elements
was blocked strongly by arsenite. Accordingly, arsenite inhibited
FMDV IRES-driven translation by 74% in the absence of Lpro, while
this inhibition was 20% in the presence of Lpro. Similar ﬁndings
were observed for EMCV and PV IRES translation: EMCV IRES
was blocked by 89% with arsenite, but no inhibition (1%) occurred
when Lpro was expressed; PV IRES was blocked by 88% with arse-
nite, whereas this inhibition was 10% in the presence of Lpro. Col-
lectively, these ﬁndings reinforce the idea that FMDV isstimulated by Lpro and, under these conditions, the initiation of
translation promoted by this IRES element is not fully dependent
on active eIF2.
To further evaluate that translation directed by FMDV IRES can
occur after eIF2a phosphorylation, we used thapsigargin to trigger
eIF2a phosphorylation via mobilization of intracellular calcium
[38–40]. Moreover, we wished to test the potential stimulation
by Lpro and the action of eIF2a phosphorylation on FMDV IRES by
directly transfecting mRNAs rather than plasmids. At 30 min and
1 h after transfection of EMC-L mRNA, thapsigargin (0.75 lM)
was added and cells were re-transfected with in vitro transcribed
mRNAs. A profound decrease in luciferase activity was observed
in the presence of thapsigargin, following transfection of the differ-
ent mRNAs: cap-Luc, EMCV(IRES)-Luc and FMDV(IRES)-Luc
(Fig. 2A). However, in the presence of FMDV Lpro, signiﬁcant levels
of luciferase activity were detected when translation was directed
by EMCV or FMDV IRESs. Accordingly, thapsigargin blocked
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Fig. 4. In vitro translation of FMDV-Luc mRNA. Activity of poly(I:C) and FMDV Lpro.
RRL were incubated in the presence or absence of 5 lg/ml FMDV Lpro for 10 min at
30 C. Then, incubation was continued with 50 ng poly(I:C) for 20 min at the same
temperature. Finally, the different mRNAs encoding for luciferase: cap-Luc, FMDV-
Luc and CrPVIgR-Luc were incubated for 1 h at 30 C. (A) Samples were processed to
measure luciferase activity. Average RLUs for controls in the absence of Lpro or
poly(I:C) were 7.3  105 for cap-Luc, 2  106 for FMDV-Luc, and 2  103 for
CrPVIgR-Luc. These values were taken as 100%. Error bars represent the SD of three
independent experiments performed in triplicate. (B) Samples were also used to
perform western blotting to assess phosphorylation of eIF2a, and eIF4GI cleavage.
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36% in the presence of Lpro. Curiously, Lpro stimulated EMCV IRES
translation by 257% when mRNA rather than plasmid transfection
was used. This stimulation was even greater (471%) with FMDV
IRES, and the decrease in luciferase synthesis was 80% with thapsi-
gargin, but addition of Lpro decreased this inhibition to 42%. In the
case of cap-Luc mRNA, Lpro obviously blocked its translation due to
the cleavage of eIF4G, and this inhibition was stronger when
thapsigargin was also present (Fig. 2B). Altogether, these observa-
tions suggest that when FMDV Lpro is present, FMDV(IRES)-Luc
mRNA translation is restored after eIF2a phosphorylation induced
by different compounds.3.2. Action of Lpro on FMDV IRES-dependent translation in cell free
systems
Optimal translation of picornavirus mRNA in cell-free systems
requires higher monovalent cation concentrations compared with
cellular mRNA translation [41,42]. Thus, we ﬁrst established the
optimal KCl concentration in nuclease-treated RRL programmed
with cap-Luc or FMDV(IRES)-Luc mRNAs, in the presence or
absence of 20 lg/ml Lpro in order to test the effect of the protease
on both mRNAs. Consistent with previous results, increasing con-
centrations of KCl in RRL diminished luciferase synthesis directed
by cap-Luc mRNA. Thus, addition of extra 40 mM or 80 mM KCl
inhibited cap-Luc translation by 19% and 87%, respectively
(Fig. 3A). In contrast, supplementation with 40–80 mM KCl pro-
vided the optimal concentration for the translation of
FMDV(IRES)-Luc such that there was a greater than twofold stim-
ulation at 80 mM KCl (Fig. 3A). Lpro strongly blocked the transla-
tion of cap-Luc mRNA, where as it stimulated luciferase activity
from FMDV(IRES)-Luc mRNA, correlating with the cleavage of
eIF4GI (Fig. 3A). Moreover, addition of Lpro, but not an inactive
variant unable to cleave eIF4GI, led to a clear stimulation of lucif-
erase synthesis under normal KCl concentrations (Fig. 3B). This
stimulation was lower when 40 mM KCl was added to the RRL, per-
haps because the translation of this mRNA is already optimal, and
the additional stimulation provided by Lpro is therefore limited.
Finally, we assayed the inactivation of eIF2 by addition of
poly(I:C) in RRL and its potential reversion by Lpro. Poly(I:C) is a
synthetic dsRNA that induces eIF2a phosphorylation via PKR acti-
vation. The optimal concentration of poly(I:C) that blocks transla-
tion in RRL was previously determined [9]. RRL were
programmed with different mRNAs: cap-Luc, CrPV IGR-Luc or
FMDV(IRES)-Luc, and extracts were incubated with 5 lg/ml Lpro
and 50 lg/ml poly(I:C) for 30 min, followed by an additional incu-
bation for 1 h. Poly(I:C) partially inhibited translation of cap-Luc
and FMDV(IRES)-Luc mRNAs but had no effect on CrPV IGR-Luc
mRNA since there is no requirement for eIF2 in this case (Fig. 4).
Lpro stimulated IRES translation and inhibited cap-Luc mRNA
translation, indicating efﬁcient cleavage of eIF4G. In addition, sig-
niﬁcant luciferase activity was found for FMDV(IRES)-Luc mRNA
in the presence of Lpro and poly(I:C). In summary, these results
suggest that FMDV-Luc mRNA translation in RRL is competent in
the presence of phosphorylated eIF2a when Lpro is present.
4. Discussion
When examining the effect of picornavirus proteases on IRES-
driven translation, there are a number of variables that must be
considered: (1) the particular protease tested; (2) the concentra-
tion of the protease; (3) the type of mRNA studied, i.e. monocis-
tronic or bicistronic; (4) the method employed to express the
IRES-containing mRNA: plasmid or mRNA transfection; (5) the sys-
tem analyzed: cell free systems, cultured cells, virus-infected cells,
stressed cells, etc.; (6) the cell line employed, since IRES elements
behave differently depending on the cell type used; and (7) the
gene reporter analyzed, as well as differences between the IRES
sequence and the initiation codon due to different cloning strate-
gies. Perhaps the differences observed between previous studies
[16,33,34] and the strong stimulation of FMDV IRES-driven transla-
tion by Lpro reported in the present work, could be due to the dif-
ferent systems used for analysis. Besides the use of monocistronic
mRNAs in our current study, other differences exist in the condi-
tions used compared to those by other groups [15,33,34]. Never-
theless, the central conclusion is that FMDV IRES-driven
translation can be enhanced by Lpro after eIF4G cleavage. In this
respect, the FMDV IRES element behaves in a way quite similar
4058 P. Moral-López et al. / FEBS Letters 588 (2014) 4053–4059to other picornavirus IRES RNAs. Of interest is the ﬁnding that
Lpro-mediated enhancement of translation driven by FMDV IRES
is dependent on the monovalent ion concentration present. It is
possible that if this mRNA is translated at almost optimal ionic
concentrations, limited stimulation can be found in the presence
of Lpro. Therefore, this represents another variable to be consid-
ered in this type of study.
The most important aspect of the present work is that Lpro can
confer translatability to several picornavirus IRES elements when
eIF2a has been phosphorylated. These observations raise several
questions: how can initiation on these mRNAs take place without
the ternary complex Met-tRNAi-eIF2-GTP; is Lpro directly partici-
pating in the initiation event; is the cleavage of eIF4G necessary
to observe eIF2-independent initiation, etc. We have demonstrated
that the mechanism of translation in alphavirus-infected cells does
not require several eIFs [43–46]. However, protein synthesis direc-
ted by alphavirus subgenomic mRNA is canonical and requires all
eIFs when it is translated in cell free systems, out of the infection
context [46,47]. We have also reported that a similar situation
can be observed for picornavirus mRNA translation. Thus, synthesis
of FMDV proteins does not require eIF2 at later times in virus-
infected cells [27]. Therefore, a dual mechanism of translation is
found in picornavirus-infected cells: early during infection, the
input mRNA follows a canonical mechanism, i.e. this viral mRNA
requires active eIF2, as occurs with cellular mRNAs, whereas at
later times active eIF2 is not involved in the initiation of viral
protein synthesis. The suggestion that PV 3Cpro provides eIF2
independence perhaps after eIF5B cleavage [48] has not been sup-
ported by the expression of individual picornavirus proteins. We
have demonstrated that this eIF2-independent mechanism for
the initiation of picornavirus mRNAs is due to picornavirus prote-
ases 2Apro or Lpro [23,45]. Our present observations provide evi-
dence that FMDV Lpro is also able to confer eIF2 independence
for FMDV IRES-driven translation and also for IRES elements from
other picornaviruses. An important corollary of these ﬁndings is
that the analysis of the requirements of eIFs during picornavirus
mRNA translation in vitro may be of little physiological signiﬁ-
cance unless picornavirus proteases are present. Future work will
beneﬁt from studies aimed to uncover the participation of picorna-
virus proteases in the initiation events of IRES-driven protein
synthesis.Acknowledgements
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